Abstract Introduction: Thermography records the skin temperature, which can be influenced by: muscle mass and subcutaneous fat layer. Thus, the aim of this study was to investigate the influence of subcutaneous fat layer in the skin temperature variation rate, during exercise. Methods: This is a short-longitudinal study that involved 17 healthy male trained volunteers. Volunteers were divided in two groups. The first called GP1 with nine volunteers (biceps brachii skinfold thickness < 4 mm) and the second called GP2 with eight volunteers (biceps brachii skinfold thickness from 4 to 8 mm). Both groups performed three sets with 16 repetitions of unilateral biceps brachii bi-set exercise with dominant arm (eight repetitions of biceps curls and another eight of biceps hammer curls, with dumbbells), and with load of 70% of 1RM. The rest time between sets was 90s. Results:
Introduction
Researchers have developed new applications for technology already used for diagnostic purposes, with a view to expanding its use to other areas beyond the primary development area of the product (Neves et al., 2010; .
Diagnostic tools for image have been increasingly used by health professionals to carry out (Ripka et al., 2012; Vacari et al., 2013) or complement the diagnosis (Perin et al., 2012) . Some authors also propose the combined use of images generated by different technologies (Sanches et al., 2013) .
The thermography has been developed in the two last decades and being applied in the sports medicine and medical fields. Thermal imaging have been used for diagnosis of sports injuries (Bandeira et al., 2014) and injuries after strength training (Bandeira et al., 2012) . Recently, researchers have investigated the thermal response during and after exercise (Chudecka and Lubkowska, 2012; Merla et al., 2010) . However, this response depends on some variables such as: fitness level (Formenti et al., 2013) , muscle mass in the region of interest (Neves et al., 2015a) , subcutaneous fat (Bandeira et al., 2012) , type and intensity of exercise (Neves et al., 2015b; 2015c) .
The subcutaneous fat layer can influence the uptake of biological signals such as: electromyography signals and mechanomyography signals (Krueger et al., 2013) . Although some authors (Bandeira et al., 2012; Formenti et al., 2013) have reported that subcutaneous fat layer has some influence on the skin temperature, were not presented quantitative data regarding this influence. One variable investigated to understand the local thermal response during exercise is the skin temperature variation rate. Authors (Chudecka and Lubkowska, 2012; Formenti et al., 2013) have related this variable with the fitness level without regarding the influence of the subcutaneous fat layer of the region of interest. In this sense, the aim of this study was to investigate the influence of subcutaneous fat layer in the skin temperature variation rate, during exercise.
Several studies report the influence of subcutaneous fat layer on the skin temperature and its influence on the dissipation of body heat (Bandeira et al., 2012; Chudecka and Lubkowska, 2012; Savastano et al., 2009) ; however they did not perform group stratification by subcutaneous fat layer of the active muscle region. And yet, the body thermal response varies according to each body region, each muscle group Volume 31, Number 4, p. 307-312, 2015 and according to the type and intensity of exercise (Neves et al., 2015d) . There were no studies that evaluated the temperature change rate during exercise of high intensity and energy demand predominantly anaerobic with the arm flexors. In this sense, this work can be considered unprecedented for evaluating the temperature change rate during a high intensity and energy demand predominantly anaerobic exercise with this muscle group.
Methods

Study design and sample
This is a short-longitudinal study that involved 17 healthy male trained volunteers. The volunteers were selected among customers of two bodybuilding gyms of Guimarães city, Portugal. The inclusion criterion was the agreement of the volunteer to stay without physical activities during data collection period (two weeks). All volunteers signed the Term of free and informed consent and the study protocol was approved by Human Research Ethics Committee of Campos de Andrade University Center under CAAE number 28901414.3.0000.5218. The anthropometric characteristics of the sample were presented formatted as average ± standard deviation (SD): age of 24.69 ± 2.12 years; weight of 75.27 ± 9.79 kg, height of 1.77 ± 0.08 meters and biceps brachii skinfold thickness of 4.09 ± 1.52 millimeters.
Experimental protocol
The volunteers were divided in two groups. The first called GP1 with nine volunteers (biceps brachii skinfold thickness < 4 mm) and the second called GP2 with eight volunteers (biceps brachii skinfold thickness from 4 to 8 mm). Both groups performed the same exercise protocol of strength training.
The one-repetition maximum (1RM) was determined seven days before the experimental day. The 1RM test was performed according to the protocol described by Kraemer and Fry (1995) . All volunteers performed two sessions of 1RM test with interval of one week between sessions. No exercise was performed between the 1RM tests.
At experimental day, a week after the 1RM tests, volunteers stayed for 15 minutes in an acclimatized room with temperature of 24 °C ± 0.3 °C to reach thermal balance before the images acquisition (Bandeira et al., 2014) . After acclimation, both groups performed three sets (set 1, set 2 and set 3) with 16 repetitions of unilateral biceps brachii bi-set exercise (Foschini and Prestes, 2007) with dominant arm (eight repetitions of biceps curls and another eight of biceps hammer curls, with dumbbells) with load of 70% of 1RM. Where "set 1" = the first set of exercise; "set 2" = the second set of exercise; and "set 3" = the third set of exercise. A metronome was used adjusted to 60 bpm and the volunteers were instructed to maintain a constant velocity of 1 second in the concentric phase and 1 second in the eccentric phase. The rest time between sets was 90s. Thermal images were acquired in the following moments: before set 1, after set 1, after set 2, after set 3. Figure 1 illustrates thermal images acquired before set 1 and after set 3 from a typical volunteer.
Instrumentation and data acquisition
It was used a term digital hygrometer to monitor the temperature and humidity of the room. Thermal images were acquired from both arms (biceps brachii was the region of interest) using an infrared camera (FLIR Systems Inc. Model SC2000). This camera has a high resolution (320 × 240 pixels), which measures temperatures ranging from -20 °C to +120 °C, able to detect differences of less than 0.1 °C temperature and provides accuracy of ± 1 °C of the absolute temperature.
Ultrasonographic images from the midpoint of biceps brachii (Neves et al., 2015b) were recorded using an Aloka SSD 500V real time scanner equipped with a linear probe of 7.5 MHz, in order to evaluate the biceps brachii skinfold thickness .
Data processing and statistical analysis
All acquired images were analyzed by FLIR ThermaCam TM Researcher Pro 2.9 software. The software was set to treat the image with background temperature of 22 °C and emissivity of 0.98 and in the color palette midgreen (Bandeira et al., 2014; Neves et al., 2015c) .
Shapiro-Wilk test (Razali and Wah, 2011 ) was performed to exam the variables distribution and descriptive statistics (average and standard deviation) were used to summarize the characteristics of the study sample, Pearson (r) correlation analysis (Wang, 2013) was used for evaluation of association between skinfold thickness and skin temperature. Tendency lines and fitting equations (Mitchell-Olds and Shaw, 1987) were used to analyze the skin temperature variation rate. The Student t test for independent samples (Ruxton, 2006) was used to compare the variables between both studied groups. The Statistical analyses were performed with Statistical Package for Social Sciences (SPSS, version 21.0). The statistical significance level was defined as p < 0.05.
Results
All variables showed Gaussian distribution in Shapiro-Wilk test output. Table 1 shows the variables assessed by each group and result of t test.
The results presented in Table 1 ensure comparability between groups, pointing to the biceps brachii skinfold thickness (measurement of subcutaneous fat layer) as the independent variable in this experiment. Figure 2 shows the behavior of the exercise biceps skin temperature in each group and the fitting lines.
To better understand the thermal behavior in response to strength training, the Figure 3 presents the thermal curve divided in two stages. The stage A corresponds to the initial response to the exercise when occurs a skin temperature reduction due an action of redirecting blood flow to the active muscles, generated by a reflex cutaneous vasoconstriction. And, the stage B corresponds to the dissipation of muscle heat through the skin. Figure 2 shows a large difference in the skin temperature between both groups even before set 1. The GP1 presented a higher temperature than the GP2. This difference showed statistical significance (p = 0.044) when tested by t test. Figure 3 allows a graphical analysis of curve inclination (fit line), which correspond to skin temperature variation rate of each group. Table 1 . Results of the Student t test for variables that ensure the comparability of the groups (GP1, n = 9, biceps skinfold thickness < 4 mm and GP2, n = 8, biceps skinfold thickness from 4 to 8 mm). Behavior of the Biceps Brachii exercise skin temperature in GP1 (n = 9, Biceps Brachii skinfold thickness < 4 mm) and GP2 (n = 8, biceps brachii skinfold thickness from 4 to 8 mm) during three sets of unilateral biceps curl exercise, and the linear fit line with equation. Where "set 1" = the first set of exercise; "set 2" = the second set of exercise; and "set 3" = the third set of exercise. The rest among the sets was 30 seconds.
for the stage B, the temperature increase rate was 5.11 × 10-3 ± 2.57 × 10-3 °C/s for GP1 and 1.88 × 10-3 ± 3.60 × 10-3 °C/s for GP2 (p = 0.048). Considering all volunteers (n = 17), the correlation coefficient between biceps brachii skinfold thickness and biceps brachii skin temperature before exercise (at rest) was (r = -0.513, p = 0.035). Figure 4 shows the behavior of the control biceps skin temperature in each group and the fitting line.
Discussion
The Table 1 shows the results of t test for five variables (Age, weight, height, 70% 1RM and Elbow Flexors Muscle Thickness) that presented similar values in both groups. These variables ensure comparability between GP1 and GP2, because these are variables that could influence the skin temperature (Neves et al., 2015a; 2015c; Neves and Reis, 2014) . Thus, the biceps brachii skinfold thickness is the only variable that differentiates the two groups.
The results showed that the exercise biceps skin temperature decreases during the stage A (between the start and the end of the first set of exercise), and increases continuously in stage B. On the other hand, it was observed a decrease in control biceps skin temperature from the moment before set 1 to after set 3.
In the present study all volunteers were trained, and the results suggest that GP1 (subjects with lower subcutaneous fat layer) have a higher skin temperature variation rate (n = 9, 5.11 × 10 -3 ± 2.57 × 10 -3 °C/s) during exercise than GP2 (1.88 × 10 -3 ± 3.60 × 10 -3 °C/s). Formenti et al. (2013) conducted a study comparing the temperature increase rate during exercise between trained and untrained subjects. The authors observed higher values in the trained group (n = 7, 0.009 ± 0.002 °C/s) than in untrained ones (n = 7, 0.004 ± 0.001 °C/s), although had no control of the subcutaneous fat layer of the studied region. Authors (Chudecka et al., 2014; Guyton and Hall, 2011) report that fat acts as a good insulator because it has a low thermal conductivity.
The results also suggest that the thickness of the subcutaneous fat layer influences the skin temperature at resting (p = 0.044) and the skin temperature variation rate during exercise (p = 0.048). Other authors (Chudecka and Lubkowska, 2012) studied the skin temperature variation in response to prolonged exercise (90 minutes) involving other heat dissipation mechanism (sweat), and reported the importance of considering the subcutaneous fat layer in thermographic assessments, but without presenting quantitative data about this variable. Authors (Bandeira et al., 2012; Savastano et al., 2009 ) have presented data correlations between the subcutaneous fat layer Figure 3 . Behavior of the exercise biceps skin temperature during three sets of unilateral biceps curl exercise, divided in two stages: (a) from beginning until 35 seconds ("before" to "after set 1"); and (b) from 35 seconds to 285 seconds of exercise ("after set 1" to "after set 3"). GP1 (n = 9, biceps brachii skinfold thickness < 4 mm) and GP2 (n = 8, biceps brachii skinfold thickness from 4 to 8 mm), and the fit line with fit equation. Where "set 1" = the first set of exercise; "set 2" = the second set of exercise; and "set 3" = the third set of exercise. The rest among the sets was 30 seconds. Figure 4 . Behavior of the control biceps skin temperature during three sets of unilateral biceps curl exercise, in GP1 (n = 9, biceps brachii skinfold thickness < 4 mm) and GP2 (n = 8, biceps brachii skinfold thickness from 4 to 8 mm). Where "set 1" = the first set of exercise; "set 2" = the second set of exercise; and "set 3" = the third set of exercise. The rest among the sets was 30 seconds.
The skin temperature variation rate (variation of temperature / time) was 3.59 × 10-3 ± 1.47 × 10-3 °C/s for GP1 and 0.66 × 10-3 ± 4.83 × 10-3 °C/s for GP2 (p = 0.138) considering both stages (A and B). Just and skin temperature, but did not evaluate the skin temperature variation rate during the exercise.
A study published in 2012 reported significant correlation between thigh skin temperature and thigh skinfold thickness (r = -0.488, p = 0.020) over rectus femoral muscle, in volunteers with a thigh skinfold thickness average of 11.40 (Bandeira et al., 2012) . Another research (Savastano et al., 2009 ) investigated the difference of skin temperature in the abdominal region in two groups (obese and normal weight) and noticed that the correlation (r) between abdominal skin temperature and body fat percentage was 0.545, and the abdominal skin temperature of obese group was lower than in normal-weight group. These results agree with the findings of the present study that was r = -0.513, p = 0.035, between biceps brachii skinfold thickness and biceps skin temperature before set 1. Figure 4 shows that the control biceps skin temperature tended to decrease while the exercise biceps skin temperature tended to increase, during exercise performance. This response occurred similarly in both groups. Others authors (Fernandes et al., 2014; Formenti et al., 2013 ) studied the thermal response during aerobic exercises and reported that ROIs which were not directly involved in exercise present a decrease in skin temperature. It occurred due to a cutaneous vasoconstriction reflex that redirecting blood flow to the active muscles. This reflex also was observed in exercise biceps ROI, during the initial stage of exercise (called "stage A" in this study, Figure 3a) .
It can be concluded that subcutaneous fat layer acts as a thermal barrier against muscle heat dissipation and that the subjects with lower subcutaneous fat layer has a higher skin temperature variation rate (5.11 × 10 -3 ± 2.57 × 10 -3 °C/s) during exercise than those with higher subcutaneous fat layer (1.88 × 10 -3 ± 3.60 × 10 -3 °C/s). With regard the study limitations, these findings can be generalized to men with reduced subcutaneous fat layer (< 10 mm) and high muscle thickness (> 25 mm), because in others samples, i.e. in women or men with small muscle volume and large subcutaneous fat layer the findings can be different. These findings lead to an alert to the planning of future studies regarding the inclusion of subcutaneous fat layer as a covariable during statistical analysis, since it influences the speed of heat transfer from the muscle to the skin surface.
